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product treated with excess nitrite at pH 3 was found to contain a
direct-acting mutagen, which was not nitrosomethylurea (Marquardt et
al., 1977a; Mower and Weisburger, 1978).  The mutagen has not yet
been identified.  When the same product was fed to 12 rats, it pro-
duced glandular stomach tumors in five of the animals (Weisburger et
al., 1980).

Mutagens are also produced in similarly treated beans and
beets, which are eaten in Colombia and Chile. Both of these countries
also have high rates of gastric cancer (see below) (Marquardt et al.,
1977a,b).

Colombia.  Colombia has one of the highest rates of mortality
from stomach cancer, especially among persons living at high altitudes
in certain rural areas (Correa _et al. , 1975a).  Cuello et_ al. (1976)
reported a fourfold geographic variation in the incidence of gastric
cancer within this country.  Correa j3t al. (1970, 1975a, 1976) have
shown geographic correlations of stomach cancer incidence not only
with nitrate content of well water but also with the prevalence of
atrophic gastritis and, to some extent, with the nitrate in urine
and saliva.  In carefully conducted studies involving gastroscopy of
volunteers, they found three-fourths of the high-risk population to
have superficial gastritis or other dysplasias.  In contrast, a
much lower frequency was found in persons from the lower risk areas
of Colombia.

Correa and his colleagues have suggested that superficial
gastritis, atrophic gastritis, and intestinal metaplasia are precur-
sor lesions for gastric cancer. They described in detail the histo-
pathology of the gastric lesions, beginning with the normal mucosa
and progressing through various degrees of dysplasia to stomach
cancer. Analyses of gastric fluid of individuals with atrophic
gastritis indicated that nitrite levels were elevated in patients
whose gastric pH was above 5 (Correa et al., 1979).  Since nitro-
sation reactions could occur more readily at higher nitrite concen-
trations, the formation of N-nitroso compounds may be a key factor
in the development of gastric cancer. Data from case-control
studies of persons with dysplasia indicate that a history of a
high corn diet is associated with dysplasia but ingestion of
lettuce, which contains ascorbic acid (vitamin C), is inversely
associated. Additional data supporting the role of N-nitroso com-
pounds in gastric cancer were reported by Montes et_ -al. (1979), who
detected a direct-acting mutagen, possibly a nitrosamide, in the
gastric juice of fasting subjects from an area with a high incidence
of gastric cancer, and by Hawksworth j2t_ al. (1975), who observed
concentrations of nitrate as high as 146 mg/liter in water supplies
serving three areas of Colombia with high rates of stomach cancer.